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& -f7 I. I~v"rP\C'DUCTIOir 

This d o c m n t  represents a fourth mnthly report covering the w rk  on the&xperimenta1 
propam for dew1-t of 311 "Osmotic S t i l l "  miit iiiprowmnt i n  the performance char- 
'ac teristics % "  e FderC&$durinl: the month of October, 1w. 
' = i i i i s A m l  under ! W - L e w i s  Research Center Contract 
I!o. :AS 3-2551 by t ne  Yetr Product Research Demrtment of Tapco and Ionics, Luc. as a 
subcontrsctor t o  Tayco. 

- 

A. Tagco Portion - of Tropaxn 

1. A total of four t e s t s  wi+& Ionics mnl'Lirane were per fomd during this nontn. 
,hch of these t e s t s  ended in ner.tbrane failure by cracking Frior t o  the 
establishment 02 conditiorls re5uired for m31ibrane perfomaxe tests. 

2. With each succeedins test, modifications to  the t c s t  unit were made and 
additional precautionary i*asWs were takes to prevent t.lem'ome failure. 
This included, among other i t e m s ,  a redesign of perforated rremkrae supports 
(see Figure 2 of i j rogess  Report I k .  1 of Augut  16, 1962); -e of :bud 
Metal Screen instead of Trilm material betmeen the membrane and the perfor- 
ated membrane supports; decreasing the amount of ternion on the bolts s r o u d  
the periphery of the t e s t  unit to  prevent the crackbig of nre;3brSne Mithin 
the gasket bearing areas. More details are given under Part V. 

J 
3 .  Short duration gualitati:re t e s t  was also p e r f o m d  to determine i f  15 p s i  

pressure d i f f e ren t i a l  across the menbrane would force the l iquid tirough a 
cation Ionics neEbrsne \ & t h a t  cracking it. 
described under Part V. 

Dekiils of this k a t  w e  

E. Ionics Portion of Program - 
1. Two single fuel cell uzi i t s  have been put on life t e s t  and have been perform- 

ing fo r  over 200 hours. 
testing. 
t e s t  the week of liovemhr 1.2, 1962. 

These c e l l s  w i l l  be used as controls for further 
Two other cells with lfsintcred" electrodes are scheduled t o  go on 

2. Duplicate samples of platinized titanium, uncoated titanium, Tri-lok mesh, 

The t e s t s  were 
epoxy, buna I;, Teflon and 9 02. a s s - b a c k e d  membranes $d been irrmersed 
i n  6 ri H2SO4 i n  th ree  sewate  baths a t  Nor 60' and 35 C. 
discoEtinued after 550 hours and the materials vei&ed and examined. 
Table I. 

See 

3. A l i t e r a t u r e  survey vas made of various p las t ics  and metals for use iIi fuel 
cells either as a gasketin& or RS construction mterial for compartments, 
separator p l a t e s  or pusher plates, 

Techniques for  coating netals and p las t ics  with noble metals i n  order t o  
protect then from hot sulfur ic  acid vere also investigated. 
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4. ~ 3 %  ri; set-up: Control equiiment for four cuibieiit temperature (30Oc)  
c e l l s  :has been se.3 UI. 
pressure end flows 02 gases &:id electrolyte. 
systen for a h ie ;  teuper.iture device has been asscribled. 

"his is capable of controll ing temperature, 
%a re+9l.~tory and control 

5 .  laterials for  =king sintered electrodes were ordered and large sintered 
electrodes 2roduced. 

A. Tapco Portion of i ' ro~arii  

1. The m a s t  pressing current problem of ti is  part of program to  date is the 
d i f f i cu l ty  i n  prewntiag the Ionics membranes f'rm cracking under the 
imposed pressure d i f fe ren t ia l  3~1083 the membrane required by the test 
conditions. 
i n  P a r t  V. 

- 

The steps taken to prcvmt  membrane cracking are &scribed 

B. Ionics Portion of z2rogrm 

1. The prewntion of attack by hot sulfuric Acid on titanium. 

- 

2 .  The plugging or" gas out le t  lims of t i e  cells with su l fur ic  ac id  and water. 

3. Deterioration of cell perfoMnance due -io lag i n  dif-ion of l+SO4 i n t o  

4. 0b';nining adequate contact betmen electrode and membrane i n  new fuel c e l l  

reglon of mter fornit ion a t  0xyL-n electrode. 

c onf igwa tion . 
IV. 

A. 

1. 

E. 

1. 

2 .  

3 .  

4. 

%pco l'ortion of r-ro@-am 

Tests u t i l i z i a g  cation and anion membranes produced by manufacturers other 
than Ionics, Inc. w i l l  be pr fomed.  PrelWnary stuCies indicate t k t  
these nun'tranes are considerably otronger than those prodxed by IOLIFCS, Inc . 
thereby minb,izin& mmbme cracking problem. 

- 

Ionfcs Portion of i'rograrn - 
T e s t  cella w i l l  be placed i n  operation a t  30% and 95%. 
these Are1 c e l l s  w i l l  lnclude an attexpt to  reduce membrane thickness, and 
a l te ra t ion  of wateqroofinE; content of sintered electrodes . 

Variations i n  

Use of gold plated titanium illstead of platinized rra"eria1 in order t o  
avoid at+uack of 6 1; I I ~ S O I ;  on cell separator and on p h e r  ~lstes  a t  elemixd 
temperatures as inhicatcd i n  the mkrials tes t ing  d a t a  i n  Wole I. 

Further mterlals t e s t ing  a t  30, 60, and 9T°C. 

Preliminary design efforts i n  reference to  a 5-ceI.l battery.  



5 .  Due to the exwcted superior i ty  of “sintered” electrode, cootrol experi- 
ments a t  30 and 95OC w i l l  be prr’orxned wid& khcsc electrodes. 
the control e.uy>crirncnts, an attemt v iU ’De nade to elfninak the corrosion 
problem a r i s i n g  frm titanim deGda%iion by u t i l i z i n g  electroplated  old 
f i lm on Gcparators and pressure plates. 

As part of 

1. !PIE i n i t i a l  test vas with cation mmbrmes and w i t h  water uscd i n  place of 
the 3904 solutian. As a n c u m  was elawl;r drawn on the vapor side of the 
test unit, periodic leakage of water i n t o  the condanser indicated nembrane 
failure a t  the onset of the test. 
before taking membrane out of tihe test u n i t  ir order t o  expose tlne mnbrane 
t o  both ‘%mperature and p ~ o s ~ u r e  of about 1 5  ?si. 

dater temperature ~ m s  raised t o  1&9* 

2. Xo6ificstions to test uni t  pr ior  to next t es2  included nakiag closer f i t t i n g  
support plates t o  givr: bet te r  support a t  gasket adzes and slso trintned 
gasket I.D. t o  c l ix innte  interference wlta s 3 c e r  material. 

Cation nentranes after sodciiq i n  30,; ~ 2 ~ 0 4  fo r  appraimtely 116 hours was 
tested in the t e s t  u n i t  for appraxiaately 4-1/2 burs with @SG4 t e m p e r r t u r e  
held at 175% and t h e  vacuum on the  vapor side held a t  1;8 cm Q. 20 l i q u i d  
entered condenser prior t o  t e s t  conditions L-rducing condensation indicating 
no large leakage was present i n  tue menbranc. Bmever, wter collected had 
a p1-I of 1 indlcatinf;  lea’xs. Inspection of neo‘srane showed mcnbrant, sat.&ng 
towards tile vapor c r v i t y  w i t h  s~.nll cracks i n  %he cecter. l k~branc  also 
had cracks u d e r  g iskets  wit? bolts ti$’.emd to a torque ol” 50 i n  pounds. 

3.  :bd i f ica t ion  t o  t e s t  unit included increasing spacer dinensions r”rm 0.5;’‘ 
t o  0.59” and tightening of b o l t s  to 35 i n  pounds. 

Cation menbranes w e r e  tested but mmbme failure i n s  evident early i n  the 
>eatins up period as the co;ideriier was f i l l e d  with l iquid w i t h i n  50 sinUtes 
of s+eting time. Likuid i n  conikpser i n s  very acedie. P.knbn;me i n s y x t f o n  
revealed many cracks i n  the center of ricr:lrane even thou& sagging m s  qu i te  
smll 

4. Anion membranes were installed i n  t he  t e s t  u n i t  and tested wider same t e s t  
conditions as above. Amin, test vrss unsucccsspul due t o  the s . . e  ncdxane 
f a i l u r e  as i n  the previous tests. 

5. Hudifications i n  t e s t  u n i t  i n c l u k d  reTlacment of ’Lz.110~ s scer  naterial 
with &el screen (12 r.lesh.032 ir,. D. v l re ) .  
i n s t a l l ed  w i t h  bolts tightened to 25 i n  pounds. 

“estinc membranes with +SO4 temperaLures of only 7doF resulted i n  ac id  
leekage into condenser w i t h  up to 72.6 i n .  a mctlm on vapor si& 02 
membranes . 

Cation membranes were 



Inepection of :xmbrsner; indicated no s a d n g  a t  all i n  nlembrane surface 
but crsclrs vere v is ib le ,  

6 .  irevious t e s t s  vrxe run with  tile EicE'Lrzncs zit-her soaked i n  305 QSO4 
'No mre prior  t o  instal1a:ion or installed with only mLer soak,ing. 

mcmkrane tests ?:we conducted b a t  m ~ b m ~ e s  w e r e  first proi;r~saIvely 
soaked i n  lo', 20:, .%rid 30.e *i2SC'4 for appraY,ixitely 30 minuks i n  each 
solution t o  elizdmte p s s i ' c i l i t y  of c m c b  due t o  mFi0 shrinking of 
the mmbranc u p n  exposure to  more concentrated solutions.  Both r e m -  
b m e  t e s t s  yrduccd  r m t e r  w i t h  a pII of 1 2nd upon renonl  of r?embrane 
fram uni t  i n s y x t i o n  showed s d l  cl-wAc,s i n  center of mbrane .  

7. A qual i ta t ive t e o t  was yerfonncd to  determine whether liquid could be 
forced t k o u &  a m c r x k e d  Ionics nezbrzne w i t h  a 15 p s i  pressure 
differectial. 
hole w i t h  vater  a t  1 5  ps ig  on one side, :tnd atnosTheric 311: on the other 
side. 
t ion  of water that m y  leak tioui;li. 
period of 1 week and no %O WELS forced tk~-ou,;5. the menbrane at these 
operatiAw con& Lions. 

A cation i?embrme was ?laced end secured over a 3/8 in.  

The air side of the membrane tm8 covered t o  prevent %O evapors- 
Tile test was conducted owr a 

E. Ionics 2orLioii o f  Program 

1. Control and reL-,atory system are being imtelled. 

- 

2. Life Tests: As r.iintioncd i n  Section XI, two cells of the new configuration, 
both containins pstr? t.3- electrodes were placed "on stream". These cells 
h v e  been o s r a t e d  continuously except for very short  interru2tions a t  a 
current of four amperes or  a current density of 16 amperes per s~uare foot ,  
Tne &ata r q o r t e d  in Tables I1 and IIX indicatc  that operation is not 
uniform, as y e t ,  possibly due to pemeatcd l iguid  i n  gas c c m p r k e n t s  or  
varistions iz gas f e e d i q  rites or acid n o r n a l i t p .  Tae voliage of c e l l  
9116 k s  becn s i g i f i c a n t u  E@.er (100-150 n i n i v o l t s )  than that of  c e l l  
9719. 3iis is probzbly a resul: of the w e  of nore 'fri-lok i n  c e l l  9718, 
t!iere%y prclduciq bet tcr  catalyst-wmLrnne contact. The most recent data , 
hate-rcr, indicates that the Cifferencc betvecn the two cells i s  no 1ont-r 
si i ;nif iccut .  ihlr bes t  estimate of +&e s i t m t i a n  is t h a t  the Tri-lok loses 

catalyst and mesbrane relaxes. 
cor;;yressive a b i l i t y  a f t e r  inmrsion i n  6 q$04 and contact between the 

3. The results o? material testing arc s-rizcd i n  Table I. It is t o  be 
noted Lhat plutiilized and plsin TI is not suitable for use a t  higher 
temperatures. 
elevated tcm;?err%ure have 50 be rerun t o  ascer ta in  tmlr usabi l i ty  under 
such conditions. 
oil f r o m  the bath leaked imide tile containerso 

Tri-lok epoxy and buna 3 can be used up to 60°C. Tests at 

The first set of 35OC t e s t s  could not be completed since 

* See note under Table 111. 
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VI. QWUSTYASUWNE 

A. 'hpco ior t ion  of ,Progmm 

As a result of a fmr ins"i;ances of uudekrmined leakage ps ths  within the 
Gsnotic S t i l l  vhile  on t e s t ,  i t  I s  necessary to  eliminate the p o s s i b i l i t y  
of the cause being i n  the membranes as received from the vendor, versus 
leakage through S s h t  and bo l t  hole areas i n  the unit .  

- 

A means for inspecting mbraiies for flaws, tetu-8, holes, etc., a t  Receiv,nG 
Inspection is under investimtlon. Dye penetrant, op t ica l  eXLLmlxntiorA, 
polarized list, and pressure testing are some of the methods under coraider- 
a t ion.  

This type of inspection poses a problem, k c r u s e  of the handline, techniques 
tl-t will be required to keep tihe nenbmes  mist a t  all times. 

"he nost e f f i c i en t  and pract ical  means az this tine .i:ould seem to be a 
sixple fixture to  hold the meabrane xhile q p l y i n g  a l i g h t  presswe  cm one 
side using M a?proprlate @s as 3 medAm,. LUbble indications in the f l u i d  
on the reverse side would pin-point any f l a w s  or  -Joids in the material. 

In the neatirne a microscope a t  1OX w i l l  be used t o  examine a l l  membrane 
naterial received u n t i l  a more psiti-* means I s  decided upon. 

E. Ionics I'ortion of Promam 

The Ins t i tu t ion  of' Quality Assurance repulrcmnts of the contract  continue. 

Quality Control investigation of mterials is a lso  continuing. 
&pis  of each platinum black l o t  l a  being received and a file maintained 
v i t h  reference to  m i n u m  p r t i c l e  size  and o t i e r  pertinent character is t ics .  
Titanium, epoxy glass fiber plast ic ,  and supporting p las t i c s  are now hint 
segegated 5y lot number trith f ina l  vendor t e s t  results obtained for each 
shipment where possible. 

Spectrographic 

Records of the 1:rcceding are being kept. 

Finally, ca l ibra t ion  of standards and mintenance of calibrated i n s t m m n t s  
is contiriulng. 
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TABLE I I 

C e l l  9718 - Paste  E lec trode  

Cur rent  : 16 amp/ft A rea : * 0.25 ft2 
E l e c t r o l y t e  Pressure:  20 psig Gas Pressures:  15 ps ig  

Bath Temperature: 30'C 

2 

Hours of Operat ion Voltage 

0 

.o -5 
1 1  .3  . -/. 

20 -8 
41.2 

71 -5  
118.0 

143.5 
165 -8 
186.0 

~~ 

0.46 v o l t  
0.65 
0.78 

0.78 

0.72 

0.72 

0.68 
0 -64 
0 060 

0.59 

i 

I .  . ,. 
. .  
: . .  . 
. .. :.. .- . , .  . .  

. 
. .  



TABLE I I I  

Cell 9719 - Paste Electrode 

2 
Current 16 amp/ft Area: 0.25 ft 2 

Electrolyte Pressure: 20 psig 

Bath Tempera t u  re: 30°C 

Hours of Operat ion 

0 

1 . 1  

14.5. L.' 

44.5 
74.8 
121.2 
146 e2 

27.0 

169.0 

188.8 

Gas Pressure: 15 psig 

Voltage 

0.58 v o l t s  

0 -63 

0.59 
0.62 

0.59 

0.59 
0.67* 

0.46 

0.50 

0.63 

* 
Normality of  acid restored t o  68 by additions t o  external e lectrolyte 

reservoir as requi red jus t  before reading. 

J 

! 
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